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1 CR00511P/EP 
VITERBI DECODER, METHOD AND UNIT THEREFOR 



Field of the Invention 

5 

This invention relates to Viteibi decoding, Viterbi decoding is commonly tifictd 
in the receiving side o£ digital communication systems where potentially 
disrupted signals (e.g., disrupted by a fading channel, noise, etc.) must be 
decoded. Such signals are typically the result of bit-streams that have been 
10 encoded using convolutional codes and mbdtilated for transmission, and such 
received encoded signals are tjrpically decoded using a maximum-likelihood 
algorithm, generally based on tfie 'Viteibi algorithm'. 



15 Backgrotmd of the Invention 

In considering the Viterbi alg0rithnv two aspects in parti 
considered: the ^Metric Calculation' and the 'Viterbi decoder' itself. The 
Uieory of both of these aspect^, involving calculation of brandv node and path 
20 metrics between different trellis nodes, is well known and ubiquitously 
applied in the field of digital commimications. 

The main problem of the Viterbi algorithm lies in its arithmetical decoding 
complexity (thus leading to high power consumption, etc., which is a 
25 paramount consideration in bkttery-operated portable communication 

devices). A lot of research has been done with the aim of reducing complexity 
associated with the Viterbi algorithm. 
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However, this research has invariably not taken into account the needs of 
'broadband communications' systems. In these systems account must be 
taken of the very high bit rates invobred, which require adaptation of the 
Viterbi algorithm for efficient maximum-likelihood decoding. 

Standard implementations of the Viterbi algorithm are distinctiy sub- 
optimum for 'Broadband Communication' systems because: 

1) In the Viterbi decoder the arithmetically most complex part is the 
"Addition-Compare-Select (ACS) Unit^ which is re-used several times during 
each decoding step. The vast majority of existing solutions propose to 
implement this "Additicm Compare Select Unit" once (e.g., on an application 
specific integrated circuit (ASIC)) and to re-use it each time it is needed. Of 
course, this slows down the decoding compared to a fully parallel 
implementation. In "Broadband Communications" systems, however, there is 
a very high bit-rate and the rei-use of blocks is often impossible due to dock 
frequency restrictions. In other words, a fully parallel implementation is often 
required which aflows the decoding of one bit per clock cyde. Sometimes a 
partly parallel implementatioii is sufficient, representing a trade-off between 
the two i^tremes. 

2) The standard proposed meixics aUow little or no opportunity for varying 
the layout or configuration of ja fully (or partly) parallel ASIC 
implementation, and although some suggestion has been made to vary the 
standard metrics these variotiDns are stiU undesirably complex and sub- 
optimal for use in broadband cornmunications implementations. 

A need therefore exists for a Viterbi decoder, unit therefor and method 
wherein the abovementioned:disadvantage(s) may be alleviated. 





Statement of Invention 

5 Tn accordance with a first aspect of Ae present invention there is provided a 
Viterbi decoder as claimed in claim 1 . 

In accordance with a second aspect of the present invention there is provided 
a method of producing metrics/ for use in a Viterbi decoder, as claimed in 
claims. 

10 In accordance with a third aspect of the present invention there is provided a 
butterfly unit, for use in a Viterbi decoder Add-Compare-Select unit, as 
claimed in claim 9. 

15 Brief Description of the Drawings 

One Viterbi decoder incorporating the present invention will now be 
described, by way of example only, with reference to the accompanying 
drawing(s), in which: 
20 FIG, 1 shows a block schematic representation of a classical 

implementation of theiViterbi algorithm; 

FIG. 2 shows a schematic representation of a classical ACS 'butterfly' 
unit; 

FIG. 3 shows a schematic representation of a new ACS 'butterfly' unit 
25 in accordance with llie invention; . 

FIG. 4 shows functional representations of four types of ACS Iratterfly' 
units which may be used in a Viterbi decoder in accordance with die 
invention; and 
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FIG. 5 shows schematic representations of implementations of the four 
types of ACS 'butterfly^ units of HG. 4 

5 Description of Frefeired Embodiment(s) 

The foUoTving description^ ekplanation and associated drawings are based 
(for the sake of example) on use of an encoder whose code rate is of the type 
R « I/m, with m integer. However, it will be understood that the invention is 
10 not limited to such an encoder type and may be more generally applied^ e-g^ 
to cases of code rate type R « k/m, where k {>!) and m are integer, 

Convolutional codes are commonly used in digital communication systems in 
order to encode a bit-stream before transmission. In the receivCT, a 
15 deconvolution has to be perfoirmed on the received symbols that have been 
possibly corrupted by fading due to a multipath channel and by additive 
noise. A classical implementation of the Viterbi algorithm^ as shown in FIG. 1, 
to perform a Maximum-likelihood decoding of the recdved data consists of 
three blocks: 

20 • Transition Metric Unit jCTMU, calculation of the metrics) - block 
110 

- Addition-Compare-Select Unit (ACS, accumulation of path 

metrics) - block 120 
• Survivor-Memory Unit (SMU, processing of the decisions made 
25 and output of decoded data) - block 130 

The present invention concerns techniques for reducing the complexity of 
a Viterbi decoder. 
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Briefly stated, the present invention provides a new ACS xinit that may be 
used at certain positions in a Viterbi decoder to simplify the processing 
required/ and provides certain new metrics for use with tfie new ACS 
units to decrease the overall a>mplcxity of Viterbi decoding. 

5 

The critical element in a Viterfrf decoder is usually the ACS unit of which 

N 

a typical example is shown in FIG. Z Generally, — ACS butterfly 

operations have to be performed per trellis transition if a W-state 

N 

convolutional encoder is used. In a hi^-spcodapplicatioi^ all yorat 

N 

10 least some (for example, a number P between 1 and — ) ACS bttttcrflies 

have to work in parallel, requiring an important amount of chip surface 
in the case of a hardware impflementation. Consequently^ the power 
consumption of the ACS units is important compared to the total 
consumption of the decoder. 

15 

For the 'HIPERLAN/2' standard, for example, massive parallel structures 
are necessary in order to guarantee the required bit-rates (up to 54 
MBits/ s. Even if all ACS unii^ are working in parallel in order to decode 
1 bit per clock cycle, a minimum clock speed of 54 MHz is mandatory. 

20 

In order to reduce the complexity of Viterbi decoding, the following is 
proposed: 

• Instead of implementing P times the same butterfly, two different 
butterfly types may be used: one being the classical butterfly using 
25 four internal adders (a» shown in FIG. 2), and the o ther being a 

now butterfly arrangement (as shown in FIG. 3) which uses only 
two internal adders. Since the addition is generally the most 
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complex function in the ACS Unit, the complexity and 
comamption are reduced by approximately one fourth for the new 
butterfly type compared to the classical one (although the number 
of adders is reduced by half, the overall complexity is reduced by 
the lesser axnotmt of oiie fourth since the number of comparators 
and multiplexers is notireduoed). 

• Determining (as will be explained below) when the classical 
butterfly has to be used and 'w^en the new, less complex butterfly 
can be used instead. 

• Using metrics of certain properties (as will also be explained 
below) which are required by the new butterfly types. 

Following these proposals produces the advantages that 

• The complexity of the NTiterbi decoder is reduced. The total saving 
in surface/complexity/ power-consumption depends on Hhe type 

of the convolutional code. For example, for a coding rate Jl = ^ 

(this type of code rate, together with a constraint iMigth of K=7, 
leads to a convolutionil code that is commonly used, for example 
by the 'BRAN HIPERliAN/2' standard), 50% of all dassical 
butterflies can be subsfituted by the optimised ones leading to 
approximately 8% gain in surface/complexity compared to that of 
a Viterbi decoder using only the conventional butterfly 
configuration, 

• The method is suitable for both hardware (e.g., in an ASIQ and 
software (e.g., on a D^) implementation. 

• The method can be combined with known Viterbi-implemcntation 
methods. For example, metric normalisation (as has been proposed 
elsewhere) can reduceithe size of the branch metrics. 
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• The method can be used for di&erent coding rates, but the gain 
decreases exponenti€dIy with m as a hinction of the general coding 
rate R = k/m, where m and k are integer. 

N 

• Not ail — ACS butterflies must be implemented. It is possible to 

find hybrid structures Where a number of butterflies between 1 

and — are implemented and reused once or several times per 

transition. So, a trade-off is possible between decoding speed and 
chip surface in a hardware implementation. 

• The proposed method docs not decrease the performance of the 
Viterbi algorithm compared to a classical implementation. The 
required calculation precision (number of bits for metrics and 
adders) is not increased by the new method if certain rules (as will 
be explained below) are respected. Moreover, the complexity of 
the metric calculation block will not be increased, but slightly 
reduced if the rules are respected. 

• As a result, a complexity-optimised Viterbi decoder can be 
implemented in hardware that decodes one output-information bit 
per dock cycle and is thus suitable for broadband communications 
applications since it is power- and processor-efficient 

The following discussion explains adaptation of metrics in general to suit 
ttie now ACS butterfly imit of FIG. 3. As can be seen, in the form shown 
in FIG. 3 the new butterfly uiiit 300 has one adder 310 for adding the path 
metric 1 and branch metric ^!and another adder 320 for adding the path 
metric 2 and branch metric 2J, A comparator 330 compares the output of 
the adder 320 and the path metric 1, and a comparator 340 compares the 
output of the adder 310 and fiic path metric 2. A selector 350 selects 
between the output of the adder 320 and the path metric 1, dependent on 
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the comparator 330, to produce the survivor path metric 1; a selector 360 
.selects between the output of &e adder 310 and the path metric 1, 
dependent on the comparator 340, to produce the stuvivor path metric 2. 
It is to be noted that only one branch metric value (as shown, branch 
5 metric 2) is used in the butterfly unit 300. 

Considering a convolutional encoder based on a code rate R^— with m 

m 

integer, m ^coded bits are output by ttie encoder at each transition. 
These m bits appear in the decoder as metrics m2(bii=0), ini(bit^1), 
10 m2(bH=0), mzCbit^l), . . mm(bit^O), mm(int~l). Per trdlis transidon, there 
are 1=2" different branch metrics possible: 

mtfi- mi(lrit»0) +yn2^t=0) + ... + mmQnM)) 
mb2= mtOrit^l) +Tn2(Kf»0> + ...-»• nt„(bit^O) 



15 



mti= midbit^l) + mzQnt-1) + ... + inm(bit^l) 



Assuming that positive fund negative Inranch metrics ate possible, any 
branch metric e (m,,j»m„,..^mfiy may be chosen and subtracted from 
20 all other branch metrics. The new resulting brandi mebrics are thus: 

vm - rtiha -mj(bit=0) + m2<bit=^) + ... + mm0nt=O) - niba 
|fp2« mtn-mba ^mi(bit=l) + miQrit^O) + ... + mmOnt=0) - ma 

• » • 

25 fije*r= wiha - miw =0 

mbi'^ mu - mew = mOrit^t) + mz(Hrit=l) + . . . + m„Qnt'^l) - vtba 
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Considering now the inputs to the ACS unit, there are in any case two 
path (or node) metrics mnodei and m,todg2 as well as two branch metrics 
ntbrtmdti e (m^, »2M'"**2Li/ )™*^ pihnmda 6 (ot^^ ^m^^ ) ^* input of the 
ACS unit. Two cases have to be considered separately: 

* mbrmidti ^ 0 and mbmnda ^0 : The classical ACS unit (see FIG. 2) is 
used. 

♦ mbnmdii =0 or tttbrmda =6 : The new ACS unit (see FIG. 3) is used, 
since an addition by 0 does not require an adder* 

This rule is based on the typically valid observation that the encoder 
output bits remain uncheuiged if both, the input bit to the encoder and the 
most significant bit (MSB) of the aicoder state arc inverted. 

15 In general, this method has the disadvantage Ihat the resulting metrics 
W^i, Btki, ...,mi might have a larger dynamic range than the classical 
metrics mt, mz, -.^^ mu However, the following discussion progresses from 
the above general case to a slightly specialised case where this 
disadvantage is resolved. 



The only restriction that is imposed on the metrics in the following 
specialisation is 



m^ibU = 0) = -m„(bit = 1) Va 



where the expression '^V£i^ stands for ''for all valid That is to say, 
25 assuming a bit ''0" has been sent, a metric ''m^ipit-oy* is produced. The 
metric corresponding to the Assumption that a bit "1" has been sent instead is 
simply calculated by mtdtiplying the previous result by "-1", This is valid for 
"all valid 
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Now, the 1 = 2" different branch metric can be presented as fallows: 
mj,7= miQnt^O) + m2(bit=0) + ... + inm(bit^) 

niM- -mjOnt=0) - Tn2(bit=0) - ... - mmO>it=0) 

If any metric € (>nii>mt2>'"t'''M) ^ chosen among th«n and subtracted 
lU from all metrics ntbi, tma, nki, the resulting metrics s^j, ...,us>i 



In 



+ 2OT,(Air = 0) 
-2OT,(di/=0)^+; 
0 

+ 2m^(bit=0) 
-2m,(6/f = 0) 
0 



+ 2m2(&/f = 0) 
-2mj(Wr = 0) 
0 

(+2m2(d« = 0) 
-2i«j(Atf = 0) 
0 



> + ...+ 



+...+ 



+ 2m,{bit = 0) 
-2ot,(W/ = 0) 
0 

■+2»i,(6if = 0) 
-2w,(*if«0) 
0 



-2in,(ii/ = 0) 



-2OT,(Ai/ = 0) 
•2«2(W/ = 0) 
0 



+2nj,(6i/ = 0) 
-2ffi,(6« = 0) ► 
0 



Each contribution ± m^ibU = 0) is ^tfier multiplied by 2 or set to 0. Since 
15 ail metrics can be multiplied by a constant factor without changing ttie 
decision path of the Viterbi decoder, it^i, m,2, mi shall be multiplied 

by-!. 

' 2 



• —t — r I w w* • w«_-f a- • 
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10 



Then, we find / = 2'" new metrics adapted to the new ACS units 'tttat 
require neither more complex metric calculation nor a higher dynamic 
range: 



m , — 



A2 



+ m,(W/=0) 

= 0)}- + 

0 

+ mi(6i7 =0) 
0 



2m = 



+ m,(W/ = 0) 
-OT,(Wr = 0) 
0 



-m^(hU=G) 
0 

-m^Cbit '=0) 
0 

-m^ibit-O) 
0 



^ + ... + ^ 



^ + ... + - 



-m,(bit = 0) 
0 

+ m,(6r/s=0) 
-i«,(Z»i7 = 0) 
0 

+ my(A// = 0) 
= 0) 

0 



In OFDM (Orthogonal Frequency Division Multiplex) systems, the 
metrics are very often calculated based on symbols which have been 
constructed using BPSK (Biniry Phase Shift Keying), QPSK (Quadrature 
Phase Shift Keying), QAM: (Quadrature Amplitude Modulation)-16, 
QAM (Quadrature Amplitude Modulation)-64 or similar constellations. 
US Patent No. 5,742,621, 1996 (MOTOROLA) presents a very efficient 
implementation of the knowit'BFSK/QPSK metrics: 



15 







BPSK 


m(bi 0) = -m(bi = 1) = sign(reaKziy)'real(y^ ■ HI) 


QPSK 


m(bi =:0) = -in(Ak - 1) = sigri(realiz,)) rcal(yt -HT) 
711(6, = 0) « -w(A, = I) = sign(imag(2j) • imag(yt • ff;) 



Table 1: Metrics 



In the example metrics of Table 1, z, is the complex transmitted symbol, 
H^ is the complex cor^gate of Ute charmed coefficient and 
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3/, -z, +vis the received complex symbol with v being additive 
white gaussian noise (AWGN). For QAM-16, QAM-64, etc., similar 
metrics can be derived. These metrics are especially important in the 
framework of OFDM systems. 

5 

For tliis example, a code rate of if = ^ , a constraint length of K = 7 and a 

convolutional encoder based on tfie generator polynomials 

G, = i33<xT>^2 - ^71ocr is assumed. The non-optimised BPSK metrics may 

be defined for example as 

10 

sigrt(realiz^)) • repKy, ■ HI) -i-sign{realiz2y) • realiy^ • H;) 
ntbl =mt(bH=l) + m2(^t^0) = 

- stgiKreaICz, )) • realty t • //,*) + signirealiz^y) • realiy^ • H; ) 
15 mb3 -^mlClnMi) + m2(bit^l) 

mb4 '^1(bit=l) + m2(kt=l) » 

-5igw(rea/(z,)).rea/(y, - HI) -sigriirealiz^y) ' realty ^ HI) 

20 Oioosing for example ma -Bttbi/tfie optimised metrics are 
2 

tBt>2~ ^ (mw - nihO » -signirealiz, )) • rea/C, • ,* ) 
— Owte - = -.si^real{z^)) ■ realiy^ • Hi) 
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All 7-1 = 2'"- Inon-'zero metrics are pre-cdlculated by the Transition 
Metric Unit (TMU). Altogether there are / = 2" different ACS butterflies 
(the two butterfly entries are txot independent, which is why not all 
metric combinations are mixed and the number of different butterflies is 
limited to / = 2*"). Witfi K beixlg ttie constraint length of the convolutional 



2 

10 encoder^ there are — — = 2'^~T"* ACS butterflies having a zero-metric as 

2 

an input Here, the new, optimised butterfly of FIG. 3 can be applied* 



It should be noted that the new metrics ^i, mti, jffixs, mb4 are less complex 
(2 multiplications, 1 addition)' than the classical ones m^x, mtif mta, mb4 (2 
15 multiplications, 2 additions, 2 sign inversions). 

The resulting four ACS butterflies are presented by FIG. 4 for a 
convolutional code of constraint length K-7 and for the metrics presented 
in Table 1. 

20 

In FIG- 4/ the following notations have been used: 

• € (0,1) is the bit entteing the convolutional encoder. ' e (0,1)/... 
G (0,1) describe tiie state of the convolutional encoder. 

* fft are the optiinised metrics corresponding to die example 
25 of Table 1. 
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• The boxes on the left side present the state of the convolutional 
encoder before the transition. The right-most digit in each of these 
boxes represents the most signiticant bit (N^). 

• The boxes on the xig^t side present the state oi the convolutional 
5 encoder after the transition. 

FIG. 5 shows equivalent schematic representations of implementations of the 
four ACS butterflies of Fid. 4. As will be seen, the low complexity ACS 
butterflies Type 1 and Type II are similar to that of FIG. 3, and similar to each 
10 ottier (the mput signals 'path metric V and 'path metric 2f being interchanged 
between the Type 1 and Tjrpe H butterflies). Also, as will be seeiv the higher 
complexity ACS butterflies T^ype m and Type IV are similar to that of HG. 2 
and similar to each other (the input signals 'metric and 'metric ^ma' 
being interchanged between the Type III and Type IV butterflies). 

15 

In the upper section, additive Gaussian noise of a constant mean noise 

power wifli a mean value ~ has been assumed. In the case of 

a non-zero mean value, the mean value " ^ is simply subtracted 
from the received symbols. Using tihe notations of example 1, the received 
20 symbol is in this case 

Now, {y-Mnoi») can be considered as zero-mean and the metrics can be used 
as before. 

25 

If the mean noise power depiaids on the received symbol («r^ -^-Kl 
the new metrics must be divided by the corresponding gain: 
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m 



m 



Respecting these rules, the mc^cs can also be used in coloured noise 
environments. 

In general the placements of the different butterfly types are found by 
the following exhdU5stive seaixh: 

• Create for all possible output-bit-combinations of the 
convolutional encoder b corresponding butterfly (as an example, 

10 see figure 4 and figure 5), Altogetticr, there are / 2* different 

butterflies. 

• Calculate for 2^' differ^t buffer-states and input bits of the 
convolutional encoderlthe corresponding output bits of the 
convolutional encoder; 

15 • Find for each encoder $tate the butterfly type corresponding to the 

resulting output-HtKXJmbination. If one of the input metrics is 
zero, take the optlmis€sd butterfly (FIG. 3). If both input metrics are 
non-zerO/ take Hxe classical butterfly (FIG. 2). 



20 Rractically, the ACS structure can be exploited in diEferent ways: 

• In a full-parallel hardWare implementatiorv all ACS butterflies are 
implemented and hard-wired. Due to the fact that a certain 
ntmiber of the butterflies contain only two adders instead of four, 
the complexity is reduced. 

25 • In a software implementatiorv a subroutine corresponding to the 

different butterfly typ^ may be called or the code for all butu^rflies 
(arranged in the corrdct order) is implemented sequentially. In this 
case, an important nurnber of additions can be saved. 
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• For both/ hardware and software implementation, hybrid 
structures are possible where a certain number, but not all, 
classical and optimised butterflies are implemented. They are re- 
used once or several times during each trellis transition during tiie 
decoding. 

Based on the exhaustive search proposed above, the four different ACS 
butterfly types shown in FIG. 4 and FIG, 5 are identified. 

There are 2"'^ ta 64 trellis states and corresfjondingly 64 path (or node) 
metric buffers. These buffers ioe connected to fhe ACS units as indicated 
by the following Table 2 (for die standard iterator polynomials 
G, = l33ocT*^2 = 171ocrr of the canvolntional encoder used by the 
HIPERLAN/2 Standard). 

It will be understood that 50% of all butterflies are of the type I and II (low 
complexity) and the other Sdhft axe of the type m and IV (classical butterflies), 
and that the total saving in Complexity is approx. 8% compared to the total 
complexity of the classical Vilerbi decoder. 
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0 and 32 



BatterflyTypel 



Oandl 



land 33 



2and34 



Butterfly Type m 



Butterfly Type n 



2and3 



4 and 5 



3 and 35 



Butterfly Type IV 



6 and 7 



4 and 36 



5 and 37 



Buttoily Type IT 



Butterfly Type IV 



8 and 9 



10 and 11 



6 and 38 



7and39 



Butterfly Type I 



Butterfly Type in 



12 and 13 



14 and 15 



8and40 



Butterfly Type I 



16 and 17 



9 and 41 



Butterfly Type m 



18 and 19 



10 and 42 



Butterfly Type 11 



20 and 21 



11 and 43 



12 and 44 



Butterfly Type IV 



Butterfly Type n 



22 and 23 



24 and 25 



13 and 45 



Butterfly Type IV 



26 and 27 



14 and 46 



Butterfly Type I 



28 and 29 



15 and 47 



Butterfly Type m 



30 and 31 



16 and 48 



Butterfly Type IV 



32 and 33 



17 and 49 



Butterfly Type II 



34 and 35 



18 and 50 



19 and 51 



Butterfly Type m 



Butterfly Type I 



36 and 37 



38 and 39 



20 and 52 



Butterfly Type III 



40 and 41 



21 and 53 



Butterfly Type I 



42 and 43 



22 and 54 



Butterfly Type IV 



44 and 45 



23 and 55 



Butterfly Type n 



46 and 47 



24 and 56 



25 and 57 



Butterfly Typo IV 



Butterfly Type U 



48 and 49 



50 and 51 



26 and 58 



Butterfly Type III 



52 and 53 



27 and 59 



Butterfly Type I 



54 and 55 



28 and 60 



29 and 61 



30 and 62 



31 and 63 



Butterfly Type ni 



Butterfly Type I 



Butterfly Type IV 



Butterfly Type II 



56 and 57 



58 and 59 



60 and 61 
62 and 63 



Table 2: ACS inputs for ''HIFERLAN/2' Viterbi decoder 
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In conclusion, it will be understood that the Viterbi decoder described above 
provides the following advantages: 
5 ♦ Complexity Reduction of tiie Decoding Algorithm (at same error- 
correction performance) 
• Optimized solution for broadband Communications" applications, 
i.e., in the fastest implementation 1 bit can be decoded per dock cycle 
(in the case of an ASIC implementation) while being power-efficient 
10 • Applicable for both. Hardware- and SoftwareBolutions 

« A mixture between idaasical implementations and the proposed 
solution is possible ("hybrid solution*'). 

The proposed technique may be used for any Viterbi decoder in general. 
15 However, it is especially interesting for OFDM systems, since the 

resulting optimised metrics do not require any additional precision, at 
least if the metric calculation is performed adequately, as presented by 
the example of Table 1. 

20 The teclinique is especially iniercsting for a coding rate of R=l/2/ since 
50% of all ACS butterflies can be substituted by low-complexity, 
optimised ACS butterflies. For smaller coding rates, this percentage 
decreases exponentially. 



25 The applications of the new method are prindpally found in high-speed 
applications where massive-parallel structures are required- Here, the 
savings in complexity /surface/power-consumption are maximal. 
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Claims 

1 . A Viterbi decoder including an Add-Compare-Select unit having a 
butterfly tmit (300) coxxiprising: 

first adder meaifs (310) for receiving a first pa^ metric and a 
branch metric and for producing at its output the addition 
thereof; 

:$econd adder maans (320) for receiving a second path metric 
and said branch^ metric and for producing at its output the 
addition thereof 

first comparator means (330) coupled to receive the output of 
the second adddr means and coupled to rec^ve ttie first path 
metric for comparing therebetween; 

second comparator means (340) coupled to receive the output of 
the first adder iheans and coupled to receive the first path 
metric for comparing therebetween; 

first selection means (350) for selecting between the second 
adder means otitput and the first path metric to produce afiist 
stirvivor path metric in dependence on the first comparator 
means comparison; and 

second selection means (360) for selecting between tfie first 
adder means otitput and the second path metric signal to 
produce a second survivor path metric in dependence on the 
second comparator means comparison, 
for processing metric transitions where a second branch metric is zero. 
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The Viterbi decoder of claim 1 wherein the Add-Coxnpare-Select unit 

further comprises a butterfly unit (300) having: 

first, second, tit^rd and fourth adder means for receiving a first 
metric, a second metric, a first branch metric and a second 
branch nuetric; 

first comparisoti mieans for comparing outputs of the first and 
second adder xrteans; 

second compariison means for comparing outputs of the third 
and fourth adder means; 

first selection mieans for selecting between the ou^uts of the 
first and second adder means in dependence on the comparison 
of the first comparison means to produce a first survivor path 
metric; and 

second selection means for selecting between the outputs of the 
third and f ourtll adder means in dependence on the comparison 
of the first comparison means to produce a second survivor path 
metric. 



-|•^'^ T^DD^TD^4^; 28 -DEC -00 23:06; P AfiP OA/.^n 
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3. A method of producing metrics for use in a A^terbi decoder comprising 
selecting metrics such that for at least some trellis transitions a branch 
metric is zero^ whereby a simplified Add-Compaie-Select butterfly unit 
may be used. 

5 

4. The method of claim 3^ wherein the metrics are selected by subtracting 
from each of a predetermined set of metrics a chosen one thereof to 
produce a resultant set of metrics having at least one zero value. 

10 5. The method of daici 3 or 4 further comprising re-adjusCing the 
djrndmic range of the selected metrics by multiplying each of the 
selected metrics by a scaling factor if the following property is satisfied: 
m^ipit ^0)^ -m^(bit = l)Vfl 

15 6. The method of daim 5;adapted for OFDM coding. 

7- The metitiod of claim 5 or 6 further comprising adapting the selected 
metrics to additive noise. 

20 8 . The method of daim 6t or 7 wherein the additive noise comprises 
coloured noise. 
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9. A butterfly unit for use in a Viterbi decoder Add-Comparc- 

Select unit^ the butterfly unit (300) comprising: 

first adder means (310) for receiving a first path metric and a 
branch metric axid for producing at its output the addition 
thereof; 

second adder m^ns (320) for receiving a second patii metric 
and said branch!motric and for producing at its ou^ut the 
addition titereo^ 

first comparatoi? means (330) coupled to receive the output of 
the second adder means and coupled to receive the first path 
metric for comf^unng therebetween; 

second comparator means (340) coupled to receive flie output of 
the first adder means and coupled to receive the first path 
metric for comparing therebetween; 
first selection means (350) for selecting between the second 
adder means oiitput and titie first path metric to produce a first 
survivor path nietric in dependence on the first comparator 
means comparison; and 

second selection means (360) for selecting betwem the first 
adder means oiitput and the second path metric signal to 
produce a second sxirvivor path metric in dependence on the 
second comparator means comparison. 

The Viterbi decoder, method or butterfly unit of any preceding claim 
adapted for code rates of the type R « k/m, where k>l, and ^and m are 
integers. 
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Abstract 

VITERBI DECODER, METHOD AND UNIT THEREFOR 

5 A Viterbi decoder including ain Add-Sdect-Compare unit witfi a new 
butterfly unit ^00) having oidy two adders (310, 320), compared with a 
conventional butterfly tinit's four adders, for processing a trellis transition 
having l>ranch metric of zero. The new butterfly unit (300) is thus of reduced 
complexity (saving 8% of the total Viterbi decoder complexiiy in a epical 
10 example). 

Methods are also disclosed for producing suitable metrics for use witii the 
new butterfly unit^ and for optimizing these metrics by dynamic dialing 
(particularly suitable for OFDM applications) and adaptation for additive 

noise- 

15 The invention is particularly suitable for hi^ speed, low-power 

implementations for broadband communications applications, and may be 
implemented in software or hardware. 
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